Abstract: Farm location is an important factor in dairy farms, as it is closely associated with temperature and humidity that are crucial factors of influencing the physiological conditions and productivity of cows especially during the lactation period. The purpose of this study was to determine the effect of farm location on the physiological conditions and productivity of cows. The study was involved in 18 lactating Friesian-Holstein crossbreed cows in three farmer groups, i.e., Nangkasawit, Plalangan and Sumurejo. Temperature and humidity of the environment, rainfall and physiological conditions of cows (respiration rate, pulse, rectal temperature, total erythrocytes, hemoglobin and hematocrit) were observed. No influence (P > 0.05) of farm location on the parameters was observed, except for milk production (P < 0.05). In conclusion, farm location had no impact on the physiological conditions of Friesian-Holstein crossbreed cows in the district Gunungpati Semarang, Central Java, Indonesia.
Introduction


Environment plays an important role in the productivity of dairy cows. Any change in the environment may influence the physiological conditions that in turn affect the productivity of the cows. Of the environmental factors, temperature and humidity are the most crucial especially for the cows during the lactation period. Cows will respond to the change of environmental temperature and humidity by adjusting their physiological processes. When the internal condition is maintained, cows can survive and yield milk properly. Conversely, cows may experience stress when they could not maintain their internal body condition, i.e., body temperature. In this case, milk production will be attenuated as more energy is allocated to maintain the homeostatic condition of the cows [1] .
To avoid stress due to environmental pressure, cows should be reared in the thermoneutral/comfort Corresponding author: Endang Widiastuti, M.Sc., research field: animal physiolgy. E-mail: endwidia@yahoo.co.id. zone (metabolic rate is minimal in the range of ambient temperatures and the range corresponds to minimal thermal stress). Cows produce milk optimally when they are kept in the environment with temperature of 18.3 °C and humidity of 55% [2] . In the tropical region, such as Indonesia, the comfort zone for dairy cows may be a problem due to high environmental temperature and humidity, which range from 24 °C to 34 °C and 60% to 90%, respectively. Such conditions may induce stress in dairy cows and thus lead to: (1) drop in feed intake; (2) increase in water intake; (3) disturbed metabolism and hormone concentration in the blood; (4) increase in body temperature, respiration rate and pulse; (5) changes in behaviour of cows [3, 4] . All these physiological and behavioural changes may negatively affect the productivity of the cows.
It has been known that farm location may determine the environmental temperature and humidity. Hence, the purpose of this study was to determine the effect of farm location on the physiological conditions of cows, which in turn affected the production and 
Materials and Methods
Study was carried out from June 2012 to February 2013 at three farmer groups in district Gunungpati, Semarang, Central Java Province, Indonesia, i.e., farmer group Pangudi Mulya at Nangkasawit village, farmer group Ngudi Rahayu at Plalangan village and farmer group Rejeki Lumintu at Sumurejo village. These different locations with different temperature and humidity represented the three treatments. Each treatment consisted of six lactating Friesian-Holstein crossbreed cows.
The parameters observed were the physiological and haematological conditions as well as milk production. Physiological conditions included respiration rate, pulse frequency and rectal temperature. Data of physiological conditions were collected three times, i.e., in the morning before milking, noon and afternoon. Data were averaged and used in the statistical analysis. The haematological conditions of dairy cows included the number of erythrocytes, hemoglobin and hematocrit levels. Blood was collected in the morning at the end of study. Milk was collected from the cows of three farmer groups. Milk production was corrected for 305 days of milking. Ambient temperature and humidity were measured to calculate the temperature humidity index (THI). Data were analyzed by using randomized block design [5] , which comprised three groups of farm locations and six replications.
Results and Discussion
District Gunungpati where the farms situated has a height of 241-384 m above the sea and average annual rainfall of 2,440 mm. The range of temperature and humidity in Nangkasawit were 22-33 °C and 55%-90%, in Plalangan 20-30 °C and 60%-95%, and in Sumurejo 22-33 °C and 52%-90%, respectively. Based on these data, the THI in Nangkasawit was 79, in Plalangan 75 and in Sumurejo 79. This condition indicated that the cows in the current study experienced mild stress [6] .
The mean physiological parameters of the cows are presented in Table 1 . In general, the effect of farm locations on the physiological conditions of the cows was not seen in this study. The lack of difference in term of THI may explain this result.
It has been acknowledged that the respiration rate of cows is affected by the temperature and humidity of the environment. It was mentioned that the respiration rate of cows is 20, 50-60 and 100 breaths/min when they are reared at < 20 °C, 25 °C and 32 °C, respectively [1] . This previous study is in accordance with the result of the current study; in the current study, the respiration rate of cows reared at 22-33 °C was 46-49 breaths/min. Overall, the higher the temperature and humidity of the environment are, the higher respiration rate of the cows will be. The increased respiration rate is one of the homeostatic mechanism to regulate the body temperature (enhance the heat dissipation from the cows) so that the normal internal body temperature can be maintained. It was noted that the normal body temperature is crucial for the normal physiological processes. In general, the change in respiration rate is in parallel with the change in pulse. However, the respiration rate (and rectal temperature) appeared to be more sensitive as the indicators of heat stress than pulse rate in dairy cows [7] . In this study, the effect of farm location on the haematological parameters of the cows was not observed (Table 2) . Again, the lack of difference of THI among the farm location may be responsible for this result. In general, the haematological parameters of the cows were within the normal range [8, 9] . This is slightly contradictory to the data of THI that suggests that cows experienced mild stress. Collection of the blood was in the end of the study (February 2013), because it is the peak of rainy season in Indonesia. It is noted that on January and February, the average temperature in Indonesia is below 30 °C. Thus, cows did not experience heat stress during the blood collection.
Milk production differed (P < 0.05) among the cows from different location of the farms (Table 3) . This result was in contrast to the data of physiological and haematological parameters as well as to the data of THI above. In this notion, the difference in milk production was more likely due to the other factors than the environment, such as nutrition. In addition, the breed of cows, the hygiene of environment and the cow itself may influence the milk production [10] . In this current study, the authors also noticed that milk from Sumurejo had the lowest microbial content ( Table 3) . The low content of microbes in the milk may indicate that the cows from Sumurejo had low prevalence of subclinic mastitis, and therefore yielded more milk than the other cows.
Milk produced by the cows from Sumurejo village had lower microbial content as compared with that produced from Nangkasawit and Plalangan village. The microbial content in milk produced by the cows from Sumurejo and Nangkasawit is still acceptable by the Indonesian national standard (maximum 6.00 log CFU/mL), whereas the milk produced by the cows from Plalangan is not acceptable by the Indonesian national standard. The number of microbes in the milk is affected by several factors, such as the hygiene of the cows and house, milking equipments, etc.. Water, soil and vegetation are other sources of microbial contamination for the milk [11] . The water used for the cows in Plalangan village is the river origin, and thus the potential microbial contamination seems to a greater extent than that in Sumurejo dan Nangkasawit village that get water from the well.
